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Abstract of JP 2002122417 (A) 

PROBLEM TO BE SOLVED: To provide a three- 
dimensional sliape measuring device liaving a wide 
lieiglit measuring range of a monitoring object and 
using briglit points. SOLUTION: This three- 
dimensional shape measuring device is equipped 
with a projection means 12 for projecting plural 
bright points 13a arranged in a grid shape at fixed 
intervals a in a first direction (y' axis direction) and at 
fixed intervals b larger than the intervals a in a 
second direction (x' axis direction) orthogonal with 
the first direction on an imaging region 2 where an 
imaging object 1 is placed, an imaging means 11 
installed in the prescribed direction (y axis direction) 
viewed from the projection means 12, for imaging 
the plural bright points 13a projected on the imaging 
region 2 where the imaging object 1 is placed,; and 
a shape operation means 14 for operating the three- 
dimensional, shape of the imaging object 1 by 
comparing bright point images la' imaged by the 
imaging means 1 1 with a reference image 2a'. The 
device is constituted so that, assuming n as a 
natural number and the diameter of the bright point 
as c, the angle &theta formed between the 
prescribed direction (y axis direction) and the first 
direction (y' axis direction) is nearly equal to arctan 
(b/(a.n)) and larger than arcsin (da). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. TIiis document lias been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57)[Claim(s)] 
[Claim 1] 

A projection means which projects two or more luminescent spots in which size becomes in the 2nd 
direction right-angled in the interval a fixed in the 1st direction, and said 1st direction from said 
interval a, and which were arranged in the shape of a lattice at intervals of [ fixed ] b on an imaging 
region which places an image pick-up subject; 

An imaging means which picturizes two or more luminescent spots projected on an imaging region 
on which said image pick-up subject which saw from said projection means and was installed in the 
predetermined direction was put; 

A luminescent spot picture picturized by said imaging means is compared with a reference image, 
and it has a shape calculating means which calculates three-dimensional shape of said image pick- 
up subject; 

When an angle of the direction of predetermined [ said ] and said 1st direction to make is almost 
equal to arctan (b/(a-n)) when making n into a natural number, and setting a diameter of a 
luminescent spot to c, said angle is characterized by being size from arcsin (c/a).; 
A three-dimensional form measuring apparatus. 
[Claim 2] 

A light source in which said projection means generates coherent light; 

It has a diffraction grating of two sheets which passes coherent light generated with said light 

source.; 

Said diffraction grating of two sheets is arranged so that each diffraction direction may intersect 
perpendicularly mostly.; 

The three-dimensional form measuring apparatus according to claim 1 . 
[Claim 3] 

The three-dimensional form measuring apparatus according to claim 2 in which said diffraction 
grating is a fiber grating. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the three-dimensional form measuring apparatus for supervising 
the object in an object domain, a person's height, and change of a posture about a three- 
dimensional form measuring apparatus. 
[0002] 

[Description of the Prior Art] 

As a monitoring instrument for getting to know abnormalities, without spoiling privacies, such as a 
patient in the sickroom of a hospital, or a toilet, The luminescent spot arranged in the shape of a 
lattice is projected on a surveillance object field, the picture is photoed, the position change from 
the reference position of the luminescent spot in the photoed picture detects height change of an 
object domain from the former, and the device which supervises the object in an object domain, a 
person's existence, and height change and a posture change is proposed. 
[0003] 

[Problem(s) to be Solved by the Invention] 

In such a conventional device, objective height is calculated by investigating the movement 
magnitude of a luminescent spot in case the object from the position of the luminescent spot in the 
state where an object etc. are not existed in a surveillance object field exists. However, distinction 
of luminescent spots became difficult in the place where a luminescent spot in case an object exists 
moves to the position of the luminescent spot of a next door in case an object does not exist, and 
measurement beyond it of the height was not completed. Signs that the luminescent spot of a 
certain place moves the situation of a luminescent spot picture in case an object does not exist to a 
surveillance object field to drawing 7 (b) to the next luminescent spot by existence of an object 
again are shown in drawing 7 (a). In drawing 7 (b), the luminescent spots 111c and Hid moved, it 
has moved to the position in dr awing 7 (a) of the next luminescent spots 111a and 111b, and the 
object of the height which produces movement of the luminescent spot beyond this cannot be 
measured. If 111 c and 1 1 1 d in drawing 7 (b) move to the left further, it will become impossible for 
example, for the luminescent spot to distinguish from 111a and 111b. 
[0004] 

Then, this invention aims to let the height time base range of a supervisory object provide the large 

three-dimensional form measuring apparatus using a luminescent spot. 

[0005] 

[Means for Solving the Problem] 

To achieve the above objects, the three-dimensional form measuring apparatus 10 by invention 
concerning claim 1, For example, the interval a fixed to the imaging region 2 which places the image 
pick-up subject 1 in the 1st direction (y' shaft orientations ( drawing 2 )) as shown in drawing 1 . . Saw 
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from the projection means 12 which projects two or more luminescent spots 13a in which size 
becomes in the 2nd right-angled direction (x' shaft orientations) from the interval a, and which were 
arranged in the shape of a lattice at intervals of [ fixed ] b in the 1st direction (y' shaft orientations), 
and the; projection means 12, and were installed in the predetermined direction (y shaft 
orientations). Luminescent spot picture la' picturized by the imaging means 1 1 which picturizes two 
or more luminescent spots 13a projected on the imaging region 2 on which the image pick-up 
subject 1 was put, and the; imaging means 11, Compare reference image 2a', have the shape 
calculating means 14 which calculates three-dimensional shape of the image pick-up subject 1, and 
the angle theta of the direction of; predetermined (y shaft orientations), and said 1st direction (y' 
shaft orientations) to make. When making n into a natural number, it is almost equal to arctan (b/(a- 
n)), and when setting a diameter of a luminescent spot to c, said angle comprises arcsin (c/a) so 
that it may be size. 
[0006] 

A reference image is a picture which picturized typically a luminescent spot projected on an imaging 
region on which an image pick-up subject is not put. It may be based on coordinates which pinpoint 
a position of a luminescent spot picture, a reference image, and not only a ** image picture but a 
luminescent spot here. 
[0007] 

When constituted in this way, size from the interval a in the 2nd direction right-angled in the interval 
a fixed in the 1st direction (y' shaft orientations ( drawing 2 )), and the 1st direction A projection 
means which projects two or more becoming luminescent spots which were arranged in the shape of 
a lattice at intervals of [ fixed ] b, It has an imaging means which picturizes two or more luminescent 
spots projected on the imaging region 2 on which the image pick-up subject 1 which saw from a 
projection means and was installed in the predetermined direction was put. An angle of a 
predetermined direction and the 1st direction to make. When making n into a natural number, it is 
almost equal to arctan (b/(a-n)), and since said angle comprises arcsin (c/a) so that it may be size 
when setting a diameter of a luminescent spot to c, a time base range of an image pick-up subject 
is further expandable. 
[0008] 

As shown in drawing 2 , still like a statement to claim 2 in the three-dimensional form measuring 
apparatus 10 according to claim 1. The projection means 12 is provided with the diffraction grating 
13 of two sheets which passes the coherent light LI generated with the light source L which 
generates the coherent light LI, and the; light source L, and the;2 sheet diffraction grating 13 is 
arranged so that each diffraction direction may intersect perpendicularly mostly. 
[0009] 

The diffraction grating 1 3 is good for claim 3 like a statement to consider it as a fiber grating. 
Coherent light which passed a diffraction grating generates a pattern by interference. A diffraction 
grating may be a slit plate and a cylindrical lens array which cut everything but a fiber grating, for 
example, two or more slits, in parallel. A microlens array may be used instead of a cylindrical lens 
array of two sheets. 
[0010] 

[Embodiment of the Invention] 

Hereafter, an embodiment of the invention is described with reference to drawings. Identical codes 
or similar numerals are given to the member which is mutually the same or corresponds in each 
figure, and the duplicate explanation is omitted. 
[0011] 

Drawing 1 is a notional perspective view showing the overview of the three-dimensional form 
measuring apparatus 10 which is an embodiment of the invention. The object 1 which carried out 
rectangular parallelepiped shape as the measuring object in a figure or an image pick-up subject is 
laid on the flat surface 2 as a measuring object area or an image pick-up object domain. The 
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rectangular coordinate system XYZ is taken and the object 1 is put on the 1st quadrant of an XY 
coordinate system so that XY axis may be placed in the flat surface 2. It is good also considering a 
person as an image pick-up subject instead of an object. 
[0012] 

On the other hand, above the flat surface 2, the imaging optical system 11 as an imaging means is 
arranged on the Z-axis in a figure. Here, the imaging optical system is illustrated for convenience as 
what comprises the one convex lens 11a as an imaging lens. The imaging lens 11a of the imaging 
optical system 1 1 is arranged so that the optic axis may be in agreement with the Z-axis. The image 
formation face (image plain) 15 where the imaging lens 11a carries out image formation of the image 
of the flat surface 2 or the object 1 is a field which intersects perpendicularly with the Z-axis. xy 
rectangular coordinate system is taken in the image formation face 15, and the Z-axis passes along 
the starting point of xy coordinate system. 
[0013] 

At the imaging lens 1 la and the equal distance, the fiber grating (FG) element 13 is arranged from 
the flat surface 2 at the place which only the distance d separated from the imaging lens 1 la to the 
negative direction of the Y-axis. The luminescent spot projection optical system 1 2 as a projection 
means is constituted including FG element 13. The line which connects the center of the image 
formation face 15 and the center of an FG element here is called a ground line. The ground line has 
turned to y shaft orientations, and d is the distance (base length) of a base line direction. The laser 
beam LI which the light source L generates in FG element 13 enters into Z shaft orientations, and 
the pattern 13a in which the point was arranged in the shape of a lattice is irradiated by the flat 
surface 2 so that it may explain with reference to drawing 2 later. That is, the object 1 and the flat 
surface 2 are illuminated by the pattern state illumination light. The computer 14 as an image 
processing means is electrically connected to the imaging optical system 1 1 . The internal organs of 
the shape calculating means are carried out into the computer 14. That is, it is an operation program 
for example, it was installed in storage parts stores, such as a hard disk and RAM. 
[0014] 

Furthermore with reference to drawing 1 , the principle of three-dimensional shape measuring is 
explained. The portion in which the object 1 exists is interrupted by the object 1, and the 
luminescent spot pattern 13a projected on the flat surface 2 by FG element 13 explained in detail 
later does not arrive at the flat surface 2. If the object 1 does not exist here, the luminescent spot 
on which it should be projected by the point 2a (X, Y, Z) on the flat surface 2 is projected by the 
point la (XI, Y1, Z1) on the object 1. the luminescent spot moved to the point la from the point 2a 
— on the image formation face 15, the place which should be carried out image formation carries 
out image formation to point 2a' (x, y) at point la' (x, y+delta) from the place from which the imaging 
lens 11a and FG element 13 have separated only the distance d. That is, only the distance delta 
moves to y shaft orientations. In practice, if point la' is not a point on the y-axis, only deltax will 
move also to x shaft orientations, but the display is omitted here. 
[0015] 

By measuring this delta, the position of the point la on the object 1 can specify in three dimensions. 
Thus, if a certain luminescent spot does not exist [ the object 1 ], when measuring the difference of 
the point which should be carried out image formation on the image formation face 15, and the 
actual image formation position on the image formation face 1 5, the three-dimensional shape of the 
object 1 is measurable. Or it is good although the three dimensional coordinates of the object 1 are 
measurable. If the pitch of the pattern 13a, i.e., the pitch of a luminescent spot, is made fine to such 
an extent that the correspondence relation of a luminescent spot does not become unknown, the 
three-dimensional shape of the object 1 can be measured so in detail. 
[0016] 

The center of FG element 13, and the center of the imaging lens 1 la. Detach only the distance d in 
parallel with the flat surface 2, and it is arranged, and the distance to the image formation face 1 5 
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from the imaging lens 1 1a I (El) (almost equal to the focus of the convex lens 1 1a as an imaging 
lens), The height from the flat surface 2 of the point la of h and the image pick-up subject 1 of the 
distance from the imaging lens 11a to the flat surface 2 is Z (in drawing 1 , it illustrates with Z1). an 
image pick-up — a subject — one — a flat surface — two — a top — placing — having had — a 
result — an image formation face — 15 — a top — a point — two — a — ' — delta — only — 
having separated — a point — one — a — ' — having moved . 

Z is expressed with the formula which contains delta like the following formula 1 in such a relation. If 
this formula is used, the posture of the person in a toilet, etc. can be known in three dimensions. 
Z = (h^anddelta) / (d-l+h-delta) ~ Formula 1 
[0017] 

FG element 13 is explained with reference to drawing 2 . A diameter arranges in a sheet shaped 
about 100 optical fibers which are tens of microns and about 10 mm in length, and FG element 13 
piles it up so that a two-sheet fiber may intersect perpendicularly. An FG element is arranged in 
parallel [ a sheet ] (it is right-angled to the Z-axis) with the flat surface 2. The laser beam LI which 
laser light source L generated in this FG element 13 is entered in Z shaft orientations. Then, the 
laser beam LI serves as a spherical wave, after it condenses with the focus of each optical fiber, 
spreads, and goes and interferes, and the luminescent spot pattern 13a which is a luminescent spot 
matrix at the shape of a tetragonal lattice is projected on the flat surface 2 which is a surface of 
projection as a measurement region or an imaging region. In other words, so to speak, the flat 
surface 2 or the object 1 on it is illuminated by the luminescent spot pattern state illumination light 
by projecting the luminescent spot pattern 13a. 
[0018] 

According to such FG element 13, the good sharp illumination pattern of the contrast of punctiform 
light (luminescent spot) can be obtained according to the diffraction effect of light, without 
depending on the distance from a grating, and it is suitable for the image pick-up of a pattern. Since 
three-dimensional shape can be measured only by measuring and calculating the movement 
magnitude of a luminescent spot when using such an FG element, it is realizable by the calculating 
means in which measurement of three-dimensional shape is comparatively easy. Since light volume 
can be concentrated, the image pick-up of an illumination pattern (here luminescent spot) can be 
simply performed also in the state where the circumference is bright, and it is suitable. 
[0019] 

The optical fiber of FG element 1 3 has not always turned to the base line direction (y shaft 
orientations in a figure), sets the axis of rotation as an axis parallel to Z shaft orientations which 
pass along the center of FG element 13 in parallel with a xy plane, and has rotated only theta. If 
coordinates parallel to the optical fiber which intersects perpendicularly among a figure are made 
into x'y' coordinates, as for y' axis, only the angle theta leans to the x axis to the y-axis, as for x' 
axis. That is, the angle of one lattice direction and ground line to accomplish is theta. 
[0020] 

The interval of a direction parallel to a and x' axis is set to b for the interval of a direction parallel to 
y' axis of the lattice-like luminescent spot pattern on the flat surface 2 here, the diameter of the 
optical fiber which intersects perpendicularly — both persons — although it is almost equal — the 
diameter of the optical fiber of y' shaft orientations — x' — if it is made thicker than the diameter 
of the optical fiber of shaft orientations, the interval of the luminescent spots of a luminescent spot 
pattern will serve as a relation of a<b. The luminescent spot pattern of drawing 1 shows the case of 
theta= 0. 
[0021] 

Drawing 3 is a luminescent spot picture at the time of using the FG element that a luminescent spot 
interval is set to a and b (a<b). Such a luminescent spot picture is realizable by using the element 
that it differs from each other as explained with reference to drawing 2 . the diameter of a fiber, i.e., 
the fiber pitch, of the length of an FG element, and width. Since it is considered the equation of the 
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interference fringe by interference by a multiplex slit as shown in the following equation 2 the same 
way, the formula of the position of the luminescent spot by laser and an FG element can change the 
interval of an interference fringe, if slit spacing p, i.e., a fiber pitch, is changed. Here, as for y^, h 
considers it as the distance from an FG element to an illuminated face (flat surface of an imaging 
region) by a natural number and lambda considering it as the wavelength of light, and p makes slit 
spacing y axial position and m which give the periodic sharp maximum. 
y^= m-lambda-h/p — Formula 2 
[0022] 

the angle of the short (at drawing 3 , an interval is a) lattice direction and ground line of the 
luminescent spot interval of a luminescent spot array to accomplish — theta 0, theta 1, theta 2, 
and ... it can place like thetan. In drawing 3 , it writes to theta 4 for explanation, and the graphic 
display is omitted more than thetaS. Thus, by setting up the direction of a ground line, the interval of 
a certain luminescent spot and adjoining luminescent spot of the base line direction can be enlarged, 
and the height time base range of the object 1 can be extended. Disregard of the size of a 
luminescent spot will express the distance with an adjoining luminescent spot like a lower type. 

In the case of theta 0 a 

In the case of theta 1 (a^+b^) 

In the case of theta 2 (2anda) (^+h^) 

In the case of theta 3 (3anda) i^+h^) 

In the case of theta 4 ..... (4anda) {^+b^) 
[0023] 

Thus, when a lattice is leaned to a ground line, as compared with the case where it does not lean, 
the distance between adjoining luminescent spots becomes large. Here, even when a luminescent 
spot is small enough, actually, n of thetan is restricted by the spot diameter of a luminescent spot, 
fluctuation, etc. rather than is infinite. If theta is expressed with a general formula here, it will 
become like a following formula. If theta is made almost equal to such a value, a large distance with 
an adjoining luminescent spot can be taken. 
Theta=arctan (b/(a-n)) — Formula 3 
[0024] 

Since enlarging a luminescent spot interval simultaneous in all directions [ a luminescent spot 
array ], being able to lessen reduction of the number of the luminescent spot per unit area, and 
making an objective height measuring spot into a non-dense rather than the method of expanding a 
height time base range will decrease if it has such composition, three-dimensional measurement of a 
more exact object is attained. The base length d can expand a height time base range, without 
reducing the sensitivity of low height, since it does not change. 
[0025] 

When leaning a luminescent spot lattice direction to a ground line, extending the adjoining 
luminescent spot interval of a base line direction so that it may explain below with reference to 
drawing 4 if a<b and a luminescent spot position moves with an object, it becomes possible to avoid 
whether it strikes to luminescent spots other than an adjoining luminescent spot, and that it keeps. 
[0026] 

An embodiment of the invention is described with reference to drawing 4 . There is a relation of a<b 
to a luminescent spot interval among a figure, and the angle of the direction of the interval a and a 
ground line is taken at theta=arctan (b/(3anda)). In such arrangement of a ground line and a 
luminescent spot lattice, in connection with objective height, move the luminescent spot 0 of the 
bottom corner of the left in the figure in the direction of the luminescent spot 1 of the position of 
four rows from the two-line left from figure Nakashita, but. In this middle, a possibility of the 
luminescent spot 2 (or luminescent spot 3 of the two-line left from figure Nakashita to three rows) 
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of two rows of being immediately located in the side occurs from the one-line left from figure 
Nakashita. When a luminescent spot lattice spacing is defined as a and b as shown in a figure, the 
diameter of a luminescent spot is set to c and n is made into a natural number, the crevice s 
between the luminescent spots at the time of position **** with the luminescent spot 0 nearest to 
the luminescent spot 2 is expressed with a following formula. 
s=a-b/(a-n) C^+b^) ^^"^-o — Formula 4 
[0027] 

For example, when distance Iq^ (El) between the a=b= luminescent spots 0-1 which deducted the 
size of s and a luminescent spot when 5 mm and c= 1 mm becomes as it is shown in Table 1 of 
drawin g 5_(a), and it carries out to n= 5 or more, it turns out that luminescent spots lap and 
distinction becomes difficult. What is necessary is to just be referred to as s> 0 in the formula 4, in 
order to avoid this. Namely, what is necessary is just to make it fill a following formula. 
Theta>arcsin (c/a) — Formula 5 
[0028] 

Here, if there is no influence of a noise etc. as shown in Table 2 of (b) when it changes into b= 8 mm 
0 a= 5 mm), it can be made shallow to the angle of n= 7. At this time, it turns out that the value of 
Iq.| is also large and the height time base range has expanded it. Thus, it is in every direction, and by 
using the luminescent spot picture of a different luminescent spot interval, the adjoining luminescent 
spot of a base line direction can be lengthened, and it becomes possible to expand a height time 
base range. 
[0029] 

in the above, drawin g 3 explained — as — theta 1, theta 2, and theta 3 — if .... and an angle are 
made shallow (however, it is not 0 times), the adjoining luminescent spot interval of a base line 
direction spreads, and a height time base range can be expanded, but this angle is not actually made 
not much shallowly under the influence of the size of a luminescent spot, etc. Then, the angle can 
be made shallow by using arrangement of a luminescent spot which was explained by drawing 4 . 
[0030] 

Although the luminescent spot array from which a lattice spacing is different using FG (fiber grating) 
element from which the diameter of a fiber is different by length and its side was realized in the 
embodiment described so far, It is realizable also by piling up the general transmission type one- 
dimensional diffraction grating as other means so that two sheets and a lattice may intersect 
perpendicularly. In this case, using that from which the pitch of a diffraction grating is different, it is 
in every direction and the lattice spacing of a luminescent spot is made different. There is little 
dotage, and since the luminescent spot made using the diffraction grating and the FG element 
cannot be easily influenced by the distance of an element and an object. It is preferred. Since most 
lights which there is no place shaded in the case of an FG element, and entered into the FG element 
can be used for generation of a luminescent spot, an energy efficiency target is expensive and 
preferred. 
[0031] 

It is realizable even if a small lens uses a ************ microlens array (MLA) that there is no 
crevice in all directions, as shown in the microlens array ** type lineblock diagram shown with the 
top view and A-A sectional view of drawing 6 (a). Also in this case, it is in every direction, and using 
the element from which a lens pitch is different, it is in every direction and can be different in the 
lattice spacing of a luminescent spot. Since such MLA can be easily manufactured by press working 
of sheet metal by a metallic mold, using a synthetic resin as a material, it is preferred. If MLA 
without a crevice is used between each lens like a graphic display, most light flux which has entered 
can be used for generation of a luminescent spot, and energy efficiency is highly preferred. 
[0032] 

As shown in the micro cylindrical lens array ** type lineblock diagram shown with the top view and 
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B-B sectional view of drawing 6 (b), a small silyne DORIKA lens may pile up two micro cylindrical 
lens arrays located in a line without the crevice with composition similar to an FG element. At this 
time, It is good between the arrays of two sheets to make it intersect perpendicularly mostly in 
directions with refracting power. That is, it arranges so that each diffraction direction may intersect 
perpendicularly mostly. That from which a lens pitch is mutually different is used as an array of two 
sheets piled up also in this case, it is in every direction and the lattice spacing of a luminescent spot 
is made different. 
[0033] 

The three-dimensional form measuring apparatus which is the embodiment of the invention 
described above can detect the abnormality, without spoiling privacy, when some abnormalities arise 
with for example to the toilet of a care-for-the-old institution, etc. in a toilet. 
[0034] 

It is good also considering the using wavelength of a light source as wavelength other than visible 
light. When are constituted in this way and an image pick-up subject is a person, it can picturize 
without being noticed by the target person. 
[0035] 

As an example of an image sensor, the element of CMOS structure other than CCD may be used. 
There are some which were especially provided with the function of inter-frame difference ** or 
binarization into these at the element itself, and use of these elements is preferred. 
[0036] 

[Effect of the Invention] 

As explained above, according to this invention, size from the interval a in the 2nd direction right- 
angled in the interval a fixed in the 1st direction, and the 1st direction The projection means which 
projects two or more becoming luminescent spots which were arranged in the shape of a lattice at 
intervals of [ fixed ] b, Have an imaging means which picturizes two or more luminescent spots 
projected on the imaging region on which the image pick-up subject 1 which saw from the projection 
means and was installed in the predetermined direction was put, and the angle of a predetermined 
direction and the 1 st direction to make, When making n into a natural number, it is almost equal to 
arctan (b/(a-n)), and since said angle comprises arcsin (c/a) so that it may be size when setting the 
diameter of a luminescent spot to c, it becomes possible to provide the three-dimensional form 
measuring apparatus to which the time base range of the image pick-up subject was expanded. 
[Brief Description of the Drawings] 

[Dr a wi n g 1]It is a notional perspective view of the three-dimensional form measuring apparatus 
which is an embodiment of the invention. 

[Drawing 2] It is a notional perspective view explaining the FG element used by the embodiment of 
drawing 1 . 

[Drawing 3] It is a top view showing the angle of a luminescent spot group and a ground line to make. 

[Drawing 4] It is a top view which extracts and illustrates theta 3 of drawing 3 . 

[Drawing Sjlt is a figure showing the table of the distance between the luminescent spot interval in 

the example of this invention, and two luminescent spots. 

[Drawing 6] It is a mimetic diagram showing a microlens array and a micro cylindrical lens array 
among the diffraction gratings which can be used by an embodiment of the invention. 
[Drawing 7] It is a top view showing a luminescent spot picture in case there is no object, and a 
picture with the luminescent spot moved to the next luminescent spot with an object. 
[Description of Notations] 

1 Image pick-up subject 

2 Imaging region 

1 0 Three-dimensional form measuring apparatus 

1 1 Imaging optical system 
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11a Imaging lens 

1 2 Projection optical system 

13 FG element 

1 5 Image formation face 

14 Image processing device 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 



[Field of the Invention] 

Especially this invention relates to the three-dimensional form measuring apparatus for supervising 
the object in an object domain, a person's height, and change of a posture about a three- 
dimensional form measuring apparatus. 
[0002] 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] 

As a monitoring instrument for getting to know abnormalities, without spoiling privacies, such as a 
patient in the sickroom of a hospital, or a toilet, The luminescent spot arranged in the shape of a 
lattice is projected on a surveillance object field, the picture is photoed, the position change from 
the reference position of the luminescent spot in the photoed picture detects height change of an 
object domain from the former, and the device which supervises the object in an object domain, a 
person's existence, and height change and a posture change is proposed. 
[0003] 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] 

As explained above, in this invention, size from the interval a in the 2nd direction right-angled in the 
interval a fixed in the 1st direction, and the 1st direction The projection means which projects two 
or more becoming luminescent spots which were arranged in the shape of a lattice at intervals of 
[ fixed ] b. Have an imaging means which picturizes two or more luminescent spots projected on the 
imaging region on which the image pick-up subject 1 which saw from the projection means and was 
installed in the predetermined direction was put, and the angle of a predetermined direction and the 
1 St direction to make, When making n into a natural number, it is almost equal to arctan (b/(a-n)), 
and when setting the diameter of a luminescent spot to c, said angle comprises arcsin (c/a) so that 
it may be size. 

Therefore, it becomes possible to provide the three-dimensional form measuring apparatus to which 
the time base range of the image pick-up subject was expanded. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document lias been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

In such a conventional device, objective height is calculated by investigating the movement 
magnitude of a luminescent spot in case the object from the position of the luminescent spot in the 
state where an object etc. are not existed in a surveillance object field exists. However, distinction 
of luminescent spots became difficult in the place where a luminescent spot in case an object exists 
moves to the position of the luminescent spot of a next door in case an object does not exist, and 
measurement beyond it of the height was not completed. Signs that the luminescent spot of a 
certain place moves the situation of a luminescent spot picture in case an object does not exist to a 
surveillance object field to drawing 7 (b) to the next luminescent spot by existence of an object 
again are shown in drawi n g 7 (a). In d rawin g 7 (b), the luminescent spots 111c and 1 1 1d moved, it 
has moved to the position in drawing of the next luminescent spots 111a and 111b, and the 
object of the height which produces movement of the luminescent spot beyond this cannot be 
measured. If 1 1 1c and 1 1 1d in drawing 7 (b) move to the left further, it will become impossible for 
example, for the luminescent spot to distinguish from 111a and 111b. 
[0004] 

Then, this invention aims to let the height time base range of a supervisory object provide the large 

three-dimensional form measuring apparatus using a luminescent spot. 

[0005] 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] 

To achieve the above objects, the three-dimensional form measuring apparatus 1 0 by invention 
concerning claim 1, For example, the interval a fixed to the imaging region 2 which places the image 
picl^-up subject 1 in the 1st direction (y' shaft orientations ( drawing 2 )) as shown in drawing 1 . . Saw 
from the projection means 12 which projects two or more luminescent spots 13a in which size 
becomes in the 2nd right-angled direction (x' shaft orientations) from the interval a, and which were 
arranged in the shape of a lattice at intervals of [ fixed ] b in the 1st direction (y' shaft orientations), 
and the; projection means 1 2, and were installed in the predetermined direction (y shaft 
orientations). Luminescent spot picture la' picturized by the imaging means 1 1 which picturizes two 
or more luminescent spots 13a projected on the imaging region 2 on which the image pick-up 
subject 1 was put, and the; imaging means 11, Compare reference image 2a', have the shape 
calculating means 14 which calculates three-dimensional shape of the image pick-up subject 1, and 
the angle theta of the direction of; predetermined (y shaft orientations), and said 1st direction (y' 
shaft orientations) to make. When making n into a natural number, it is almost equal to arctan (b/(a- 
n)), and when setting a diameter of a luminescent spot to c, said angle comprises arcsin (c/a) so 
that it may be size. 
[0006] 

A reference image is a picture which picturized typically a luminescent spot projected on an imaging 
region on which an image pick-up subject is not put. It may be based on coordinates which pinpoint 
a position of a luminescent spot picture, a reference image, and not only a ** image picture but a 

luminescent spot here. 
[0007] 

When constituted in this way, size from the interval a in the 2nd direction right-angled in the interval 
a fixed in the 1st direction (y' shaft orientations ( drawing 2)), and the 1st direction A projection 
means which projects two or more becoming luminescent spots which were arranged in the shape of 
a lattice at intervals of [ fixed ] b. It has an imaging means which picturizes two or more luminescent 
spots projected on the imaging region 2 on which the image pick-up subject 1 which saw from a 
projection means and was installed in the predetermined direction was put. An angle of a 
predetermined direction and the 1st direction to make. When making n into a natural number, it is 
almost equal to arctan (b/(a-n)), and since said angle comprises arcsin (c/a) so that it may be size 
when setting a diameter of a luminescent spot to c, a time base range of an image pick-up subject 
is further expandable. 
[0008] 

As shown in drawing 2, still like a statement to claim 2 in the three-dimensional form measuring 
apparatus 10 according to claim 1. The projection means 12 is provided with the diffraction grating 
13 of two sheets which passes the coherent light LI generated with the light source L which 
generates the coherent light L1, and the; light source L, and the;2 sheet diffraction grating 13 is 
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arranged so that each diffraction direction may intersect perpendicularly mostly. 
[0009] 

The diffraction grating 1 3 is good for claim 3 like a statement to consider it as a fiber grating. 
Coherent light which passed a diffraction grating generates a pattern by interference. A diffraction 
grating may be a slit plate and a cylindrical lens array which cut everything but a fiber grating, for 
example, two or more slits, in parallel. A microlens array may be used instead of a cylindrical lens 

array of two sheets. 
[0010] 

[Embodiment of the Invention] 

Hereafter, an embodiment of the invention is described with reference to drawings. Identical codes 
or similar numerals are given to the member which is mutually the same or corresponds in each 
figure, and the duplicate explanation is omitted. 

[0011] 

Drawing 1 is a notional perspective view showing the overview of the three-dimensional form 
measuring apparatus 10 which is an embodiment of the invention. The object 1 which carried out 
rectangular parallelepiped shape as the measuring object in a figure or an image pick-up subject is 
laid on the flat surface 2 as a measuring object area or an image pick-up object domain. The 
rectangular coordinate system XYZ is taken and the object 1 is put on the 1st quadrant of an XY 
coordinate system so that XY axis may be placed in the flat surface 2. It is good also considering a 
person as an image pick-up subject instead of an object. 
[0012] 

On the other hand, above the flat surface 2, the imaging optical system 11 as an imaging means is 
arranged on the Z-axis in a figure. Here, the imaging optical system is illustrated for convenience as 
what comprises the one convex lens 11a as an imaging lens. The imaging lens 11a of the imaging 
optical system 1 1 is arranged so that the optic axis may be in agreement with the Z-axis. The image 
formation face (image plain) 15 where the imaging lens 11a carries out image formation of the image 
of the flat surface 2 or the object 1 is a field which intersects perpendicularly with the Z-axis. xy 
rectangular coordinate system is taken in the image formation face 15, and the Z-axis passes along 
the starting point of xy coordinate system. 
[0013] 

At the imaging lens 1 la and the equal distance, the fiber grating (FG) element 13 is arranged from 
the flat surface 2 at the place which only the distance d separated from the imaging lens 1 la to the 
negative direction of the Y-axis. The luminescent spot projection optical system 12 as a projection 
means is constituted including FG element 13. The line which connects the center of the image 
formation face 1 5 and the center of an FG element here is called a ground line. The ground line has 
turned to y shaft orientations, and d is the distance (base length) of a base line direction. The laser 
beam LI which the light source L generates in FG element 13 enters into Z shaft orientations, and 
the pattern 13a in which the point was arranged in the shape of a lattice is irradiated by the flat 
surface 2 so that it may explain with reference to drawing 2 later. That is, the object 1 and the flat 
surface 2 are illuminated by the pattern state illumination light. The computer 14 as an image 
processing means is electrically connected to the imaging optical system 1 1 . The internal organs of 
the shape calculating means are carried out into the computer 14. That is, it is an operation program 
for example, it was installed in storage parts stores, such as a hard disk and RAM. 
[0014] 

Furthermore with reference to drawing 1 , the principle of three-dimensional shape measuring is 
explained. The portion in which the object 1 exists is interrupted by the object 1, and the 
luminescent spot pattern 13a projected on the flat surface 2 by FG element 13 explained in detail 
later does not arrive at the flat surface 2. If the object 1 does not exist here, the luminescent spot 
on which it should be projected by the point 2a (X, Y, Z) on the flat surface 2 is projected by the 
point la (XI, Y1, Z1) on the object 1. the luminescent spot moved to the point la from the point 2a 
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— on the image formation face 15, the place which should be carried out image formation carries 
out image formation to point 2a' (x, y) at point 1a' (x, y+delta) from the place from which the imaging 
lens 11a and FG element 13 have separated only the distance d. That is, only the distance delta 
moves to y shaft orientations. In practice, if point la' is not a point on the y-axis, only deltax will 
move also to x shaft orientations, but the display is omitted here. 
[0015] 

By measuring this delta, the position of the point 1a on the object 1 can specify in three dimensions. 
Thus, if a certain luminescent spot does not exist [ the object 1 ], when measuring the difference of 
the point which should be carried out image formation on the image formation face 15, and the 
actual image formation position on the Image formation face 15, the three-dimensional shape of the 
object 1 is measurable. Or It is good although the three dimensional coordinates of the object 1 are 
measurable. If the pitch of the pattern 13a, i.e., the pitch of a luminescent spot, is made fine to such 
an extent that the correspondence relation of a luminescent spot does not become unknown, the 
three-dimensional shape of the object 1 can be measured so in detail. 
[0016] 

The center of FG element 13, and the center of the imaging lens 1 la. Detach only the distance d in 
parallel with the flat surface 2, and it is arranged, and the distance to the image formation face 1 5 
from the imaging lens 1 la I (El) (almost equal to the focus of the convex lens 1 la as an imaging 
lens), The height from the flat surface 2 of the point la of h and the image pick-up subject 1 of the 
distance from the imaging lens 1 la to the flat surface 2 is Z (In drawing 1 . it illustrates with Z1). an 
image pick-up — a subject — one — a flat surface — two — a top — placing — having had — a 
result — an image formation face — 15 — a top — a point — two — a — ' — delta — only — 
having separated — a point — one — a — ' — having moved . 

Z is expressed with the formula which contains delta like the following formula 1 in such a relation. If 
this formula is used, the posture of the person in a toilet, etc. can be known in three dimensions. 
Z = (h^anddelta) / (d-l+h-delta) ~ Formula 1 
[0017] 

FG element 13 is explained with reference to drawing 2 . A diameter arranges in a sheet shaped 
about 100 optical fibers which are tens of microns and about 10 mm in length, and FG element 13 
piles it up so that a two-sheet fiber may intersect perpendicularly. An FG element is arranged in 
parallel [ a sheet ] (it is right-angled to the Z-axis) with the flat surface 2. The laser beam LI which 
laser light source L generated in this FG element 13 is entered in Z shaft orientations. Then, the 
laser beam LI serves as a spherical wave, after it condenses with the focus of each optical fiber, 
spreads, and goes and interferes, and the luminescent spot pattern 13a which is a luminescent spot 
matrix at the shape of a tetragonal lattice is projected on the flat surface 2 which is a surface of 
projection as a measurement region or an imaging region. In other words, so to speak, the flat 
surface 2 or the object 1 on it is illuminated by the luminescent spot pattern state illumination light 
by projecting the luminescent spot pattern 13a. 
[0018] 

According to such FG element 13, the good sharp illumination pattern of the contrast of punctiform 
light (luminescent spot) can be obtained according to the diffraction effect of light, without 
depending on the distance from a grating, and it is suitable for the image pick-up of a pattern. Since 
three-dimensional shape can be measured only by measuring and calculating the movement 
magnitude of a luminescent spot when using such an FG element, it is realizable by the calculating 
means in which measurement of three-dimensional shape is comparatively easy. Since light volume 
can be concentrated, the image pick-up of an illumination pattern (here luminescent spot) can be 
simply performed also in the state where the circumference is bright, and it is suitable. 
[0019] 

The optical fiber of FG element 13 has not always turned to the base line direction (y shaft 
orientations in a figure), sets the axis of rotation as an axis parallel to Z shaft orientations which 
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pass along the center of FG element 13 in parallel with a xy plane, and has rotated only theta. If 
coordinates parallel to the optical fiber which intersects perpendicularly among a figure are made 
into x'y' coordinates, as for y' axis, only the angle theta leans to the x axis to the y-axis, as for x' 
axis. That is, the angle of one lattice direction and ground line to accomplish is theta. 
[0020] 

The interval of a direction parallel to a and x' axis is set to b for the interval of a direction parallel to 
y' axis of the lattice-like luminescent spot pattern on the flat surface 2 here, the diameter of the 
optical fiber which intersects perpendicularly — both persons — although it is almost equal — the 
diameter of the optical fiber of y' shaft orientations — x' — if it is made thicker than the diameter 
of the optical fiber of shaft orientations, the interval of the luminescent spots of a luminescent spot 
pattern will serve as a relation of a<b. The luminescent spot pattern of drawing 1 shows the case of 
theta= 0. 
[0021] 

Drawing 3 is a luminescent spot picture at the time of using the FG element that a luminescent spot 
interval is set to a and b (a<b). Such a luminescent spot picture is realizable by using the element 
that it differs from each other as explained with reference to drawing 2 , the diameter of a fiber, i.e., 
the fiber pitch, of the length of an FG element, and width. Since it is considered the equation of the 
interference fringe by interference by a multiplex slit as shown in the following equation 2 the same 
way, the formula of the position of the luminescent spot by laser and an FG element can change the 
interval of an interference fringe, if slit spacing p, i.e., a fiber pitch, is changed. Here, as for y^, h 
considers it as the distance from an FG element to an illuminated face (flat surface of an imaging 
region) by a natural number and lambda considering it as the wavelength of light, and p makes slit 
spacing y axial position and m which give the periodic sharp maximum. 
y^= m-lambda-h/p — Formula 2 
[0022] 

the angle of the short (at drawing 3 , an interval is a) lattice direction and ground line of the 
luminescent spot interval of a luminescent spot array to accomplish — theta 0, theta 1, theta 2, 
and ... it can place like thetan. In drawing 3 . it writes to theta 4 for explanation, and the graphic 
display is omitted more than thetaS. Thus, by setting up the direction of a ground line, the interval of 
a certain luminescent spot and adjoining luminescent spot of the base line direction can be enlarged, 
and the height time base range of the object 1 can be extended. Disregard of the size of a 
luminescent spot will express the distance with an adjoining luminescent spot like a lower type. 

In the case of theta 0 a 

In the case of theta 1 (a^+b^) 

In the case of theta 2 (2anda) (^+b^) 

In the case of theta 3 (3anda) 

In the case of theta 4 (4anda) (^+b^) 

[0023] 

Thus, when a lattice is leaned to a ground line, as compared with the case where it does not lean, 
the distance between adjoining luminescent spots becomes large. Here, even when a luminescent 
spot is small enough, actually, n of thetan is restricted by the spot diameter of a luminescent spot, 
fluctuation, etc. rather than is infinite. If theta is expressed with a general formula here, it will 
become like a following formula. If theta is made almost equal to such a value, a large distance with 
an adjoining luminescent spot can be taken. 
Theta=arctan (b/(a-n)) — Formula 3 
[0024] 

Since enlarging a luminescent spot interval simultaneous in all directions [ a luminescent spot 
array ], being able to lessen reduction of the number of the luminescent spot per unit area, and 
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making an objective lieiglit measuring spot into a non-dense rather tlian tine metliod of expanding a 
lieiglit time base range will decrease if it has such composition, three-dimensional measurement of a 
more exact object is attained. The base length d can expand a height time base range, without 
reducing the sensitivity of low height, since it does not change. 
[0025] 

When leaning a luminescent spot lattice direction to a ground line, extending the adjoining 
luminescent spot interval of a base line direction so that it may explain below with reference to 
d raw i n g 4 if a<b and a luminescent spot position moves with an object, it becomes possible to avoid 
whether it strikes to luminescent spots other than an adjoining luminescent spot, and that it keeps. 
[0026] 

An embodiment of the invention is described with reference to drawing 4 . There is a relation of a<b 
to a luminescent spot interval among a figure, and the angle of the direction of the interval a and a 
ground line is taken at theta=arctan (b/(3anda)). In such arrangement of a ground line and a 
luminescent spot lattice, in connection with objective height, move the luminescent spot 0 of the 
bottom corner of the left in the figure in the direction of the luminescent spot 1 of the position of 
four rows from the two-line left from figure Nakashita, but. In this middle, a possibility of the 
luminescent spot 2 (or luminescent spot 3 of the two-line left from figure Nakashita to three rows) 
of two rows of being immediately located in the side occurs from the one-line left from figure 
Nakashita. When a luminescent spot lattice spacing is defined as a and b as shown in a figure, the 
diameter of a luminescent spot is set to c and n is made into a natural number, the crevice s 
between the luminescent spots at the time of position **** with the luminescent spot 0 nearest to 
the luminescent spot 2 is expressed with a following formula. 
s=a-b/(a-n) C^+b^) ^^"^-c — Formula 4 
[0027] 

For example, when distance Iq^ (El) between the a=b= luminescent spots 0-1 which deducted the 
size of s and a luminescent spot when 5 mm and c= 1 mm becomes as it is shown in Table 1 of 
drawing 5 (a), and it carries out to n= 5 or more, it turns out that luminescent spots lap and 
distinction becomes difficult. What is necessary is to just be referred to as s> 0 in the formula 4, in 
order to avoid this. Namely, what is necessary is just to make it fill a following formula. 
Theta>arcsin (c/a) — Formula 5 
[0028] 

Here, if there is no influence of a noise etc. as shown in Table 2 of (b) when it changes into b= 8 mm 
0 a= 5 mm), it can be made shallow to the angle of n= 7. At this time, it turns out that the value of 
Iq^I is also large and the height time base range has expanded it. Thus, it is in every direction, and by 
using the luminescent spot picture of a different luminescent spot interval, the adjoining luminescent 
spot of a base line direction can be lengthened, and it becomes possible to expand a height time 
base range. 
[0029] 

in the above, drawing 3 explained — as — theta 1, theta 2, and theta 3 — if .... and an angle are 
made shallow (however, it is not 0 times), the adjoining luminescent spot interval of a base line 
direction spreads, and a height time base range can be expanded, but this angle is not actually made 
not much shallowly under the influence of the size of a luminescent spot, etc. Then, the angle can 
be made shallow by using arrangement of a luminescent spot which was explained by dr awing 4. 
[0030] 

Although the luminescent spot array from which a lattice spacing is different using FG (fiber grating) 
element from which the diameter of a fiber is different by length and its side was realized in the 
embodiment described so far. It is realizable also by piling up the general transmission type one- 
dimensional diffraction grating as other means so that two sheets and a lattice may intersect 
perpendicularly. In this case, using that from which the pitch of a diffraction grating is different, it is 
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in every direction and the lattice spacing of a luminescent spot is made different. There is little 
dotage, and since the luminescent spot made using the diffraction grating and the FG element 
cannot be easily influenced by the distance of an element and an object, it is preferred. Since most 
lights which there is no place shaded in the case of an FG element, and entered into the FG element 
can be used for generation of a luminescent spot, an energy efficiency target is expensive and 
preferred. 
[0031] 

It is realizable even if a small lens uses a ************ microlens array (MLA) that there is no 
crevice in all directions, as shown in the microlens array ** type lineblock diagram shown with the 
top view and A-A sectional view of drawing 6 (a). Also in this case, it is in every direction, and using 
the element from which a lens pitch is different, it is in every direction and can be different in the 
lattice spacing of a luminescent spot. Since such MLA can be easily manufactured by press working 
of sheet metal by a metallic mold, using a synthetic resin as a material, it is preferred. If MLA 
without a crevice is used between each lens like a graphic display, most light flux which has entered 
can be used for generation of a luminescent spot, and energy efficiency is highly preferred. 
[0032] 

As shown in the micro cylindrical lens array ** type lineblock diagram shown with the top view and 
B-B sectional view of drawing 6 (b). a small silyne DORIKA lens may pile up two micro cylindrical 
lens arrays located in a line without the crevice with composition similar to an FG element. At this 
time, it is good between the arrays of two sheets to make it intersect perpendicularly mostly in 
directions with refracting power. That is, it arranges so that each diffraction direction may intersect 
perpendicularly mostly. That from which a lens pitch is mutually different is used as an array of two 
sheets piled up also in this case, it is in every direction and the lattice spacing of a luminescent spot 
is made different. 
[0033] 

The three-dimensional form measuring apparatus which is the embodiment of the invention 
described above can detect the abnormality, without spoiling privacy, when some abnormalities arise 
with ****, for example to the toilet of a care-for-the-old institution, etc. in a toilet. 
[0034] 

It is good also considering the using wavelength of a light source as wavelength other than visible 
light. When are constituted in this way and an image pick-up subject is a person, it can picturize 
without being noticed by the target person. 
[0035] 

As an example of an image sensor, the element of CMOS structure other than CCD may be used. 
There are some which were especially provided with the function of inter-frame difference ** or 
binarization into these at the element itself, and use of these elements is preferred. 
[0036] 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is a notional perspective view of the three-dimensional form measuring apparatus 
which is an embodiment of the invention. 

[Drawing 2] It is a notional perspective view explaining the FG element used by the embodiment of 

drawing 1 . 

[Drawing 3] It is a top view showing the angle of a luminescent spot group and a ground line to make. 

[Drawing 4] It is a top view which extracts and illustrates theta 3 of drawing 3 . 

[Drawing 5] It is a figure showing the table of the distance between the luminescent spot interval in 

the example of this invention, and two luminescent spots. 

[Drawing 6]It is a mimetic diagram showing a microlens array and a micro cylindrical lens array 
among the diffraction gratings which can be used by an embodiment of the invention. 
[Drawing 7] It is a top view showing a luminescent spot picture in case there is no object, and a 
picture with the luminescent spot moved to the next luminescent spot with an object. 
[Description of Notations] 

1 Image pick-up subject 

2 Imaging region 

1 0 Three-dimensional form measuring apparatus 

1 1 Imaging optical system 
1 1a Imaging lens 

12 Projection optical system 

13 FG element 

15 Image formation face 

14 Image processing device 
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